(19) Idlbl Canadian 

Intellectual Property 
Office 



Office de la Propriete 

Intellectuelle 

du Canada 



(11) CA2 281 242 o^) A1 

(43) 28.03.2000 



An Agency of Un organisme 

Industry Canada d'lndustrie Canada 



(12) 



(21) 
(22) 


2 281 242 
31.08.1999 


(51) Int. CI.': F16H 057/04, F16H 048/04, 
F16H 048/06 


(30) 


09/162,214 US 28.09.1998 




(72) 








BELL, DOUGLAS W. (US). 


(71) 






HINTON, DAVID R. (US). 




CATERPILLAR INC., 








100 N.E. Adams Street, PEORIA, XX (US). 




(74) 








KIRBY EADES GALE BAKER 



(54) DISPOSITIF POUR U LUBRIFICATION D'UN ENSEMBLE DIFFERENTIEL D'ENGIN DE TRAVAIL 
(54) ARRANGEMENT FOR LUBRICATING A DIFFERENTIAL ASSEMBLY OF A WORK MACHINE 



(57) 

A differential assembly which includes a 
differential housing is disclosed. The differential 
housing defines an internal component chamber, a fluid 
housing inlet, and a fluid housing outlet. The 
differential assembly also includes a spider structure 
positioned within the internal component chamber. The 
spider structure has (1) a spider hub and (il) a spider 
shaft which extends from the spider hub. The 
differential assembly further includes a pinion gear 
positioned within the internal component chamber and 
around the spider shaft. The differential assembly also 
includes a bearing assembly positioned within the 
internal component chamber. The bearing assembly is 
interposed between the pinion gear and the spider shaft, 
wherein (i) the spider structure has a fluid spider 
channel having a fluid spider inlet and a fluid spider 
outlet. (11) the fluid housing inlet Is in fluid 
communication with the fluid spider inlet, and (iii) 
the fluid spider outlet is in fluid communication with 
the fluid housing outlet. The differential assembly 
also includes a fluid pump which advances a flow of oil 
through the fluid housing inlet, the fluid spider inlet, 
the fluid spider outlet, and the fluid housing outlet. 
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(57) A differential assembly which inchides a differential housing is disclosed. The differential housing defines an 
internal component chamber, a fluid housing inlet, and a fluid housing outlet. The differential assembly also includes 
a spider JiLructurc positioned within the internal component chamber. The spider structure has (i) a spider hub and (ii) 
a spider shaft which extends from tlie spider hub. The differential assembly fmtliei- includes a pinion geai- positioned 
within the internal component chamber and aromid the spider shaft. The differential assembly also includes a bearing 
assembly positioned within the internal component chamber. The bearing a.ssembly is interposed betv^^een the pinion 
gear and the spider shaft, wherein (i) the spider structure has a fluid spider channel having a fluid spider inlet and a 
fluid spider outlet, (ii) the fluid housing inlet is in fluid communication with the fluid spider inlet, and (iii) ihc fluid 
spider outlet is in fluid communication with tlie fluid housing outlet. The differential assembly also includes a fluid 
pump which advances a flow of oil through the fluid housing inlet, the fluid spider inlet, the fluid spider outlet, and the 
fluid housing outlet. 
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Abgtjcact of the Dlaolosuge 

A differential assembly which includes a 
differential housing is disclosed. The differential 
housing defines an internal component chamber, a fluid 
5 housing inlets and a fluid housing outlet* The 

differential assembly also includes a spider structure 
positioned within the internal component chamber. The 
spider structure has (i) a spider hub and (ii) a spider 
shaft which extends from the spider hub. The 

10 differential assembly further includes a pinion gear 
positioned within the internal component chamber and 
around the spider shaft. The differential assembly 
also includes a bearing assembly positioned within the 
internal component chamber. The bearing assembly is 

15 interposed between the pinion gear and the spider 
3haft, wherein (i) the spider structure has a fluid 
spider channel having a fluid spider inlet and a fluid 
spider outlet, (ii) the fluid housing inlet is in fluid 
communication with the fluid spider inlet, and (iii) 

20 the fluid spider outlet is in fluid communication with 
the fluid housing outlet. The differential assembly 
also includes a fluid pump which advances a flow of oil 
through the fluid housing inlet, the fluid spider 
inlet, the fluid spider outlet, and the fluid housing 

25 outlet. 
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ARRANGEMENT FOR LUBRICATING A 
DIFFERENTIAL ASSEMBLY OF A WORK MACHINE 

Technical Field of the Invention 

The present invention relates generally to a 
differential assembly of a work machine, and more 
particularly to an arrangement for lubricating a 
differential assembly of a work machine. 

Background of the Invention 

Work machines, such as mining trucks, 
typically include a left axle, a right axle, and a 
differential assembly which mechanically couples the 
right and left axle. The differential assembly allows 
the right and left axles to rotate at different speeds 
relative to one another as the work machine is driven 
in a curved path. 

The differential assembly includes a number 
of components such as side gears, pinion gears, and 
bearing assemblies which are contained within a 
housing. The housing is mounted on a pair of exterior 
bearing assemblies which allow the housing to rotate 
when the differential assembly is utilized, i.e. when 
the work machine is driven in a curved path. 

Adequate lubrication of the aforementioned 
components (e.g. the bearing assemblies) is an 
important factor in maintaining the proper operation of 
the differential assembly. Typically, splash 
lubrication" is utilized to lubricate the components of 
the differential assembly. Splash lubrication" 
involves transferring oil from a static oil bath 
located on the exterior of the housing into the 
interior of the housing through channels defined in the 
side walls of the housing. Specifically, as the 
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housing is rotated, a portion thereof is dipped into 
the static oil bath. As the housing is dipped into the 
static oil bath, oil is transferred therefrom into the 
interior of the housing via the channels defined in the 
side walls of the housing. Once located within the 
housing the oil can lubricate and cool the components 
contained therein. 

Components located exterior to the housing 
are also typically lubricated with « splash 
lubrication". However, in some situations "splash 
lubrication" will not adequately lubricate these 
components. In these situations a lube jet is 
typically located adjacent to the component to be 
lubricated. These lube jets spray oil onto the 
15 component thereby lubricating the same. 

A problem with the above described 
arrangement is that under certain conditions the 
rotation of the housing generates enough centrifugal 
force such that oil is forced from the interior of the 
housing, through the channels, and back into the static 
oil bath. Therefore, under these conditions, the 
components contained within the housing are essentially 
being run without any lubrication. Running the 
components without lubrication is detrimental to the 
differential assembly. Another problem with the above 
described arrangement is that positioning stationary 
lube jets adjacent to various components exterior to 
the housing is difficult and costly and thus adds to 
the manufacturing costs of the work machine. 

What is needed therefore an arrangement for 
lubricating a differential assembly of a work machine 
which overcomes one or more of the above-mentioned 
drawbacks . 
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Disclosure of the Invention 

In accordance with a first eitibodiment of the 
present invention, there is provided a differential 
assembly which includes a differential housing. The 
differential housing defines an internal component 
chamber, a fluid housing inlet, and a fluid housing 
outlet. The differential assembly also includes a 
spider structure positioned within the. internal 
component chamber. The spider structure has (i) a 
spider hub and (ii) a spider shaft which extends from 
the spider hub. The differential assembly further 
includes a pinion gear positioned within the internal 
component chamber and around the spider shaft. The 
differential assembly also includes a bearing assembly 
positioned within the internal component chamber. The 
bearing assembly is interposed between the pinion gear - 
and the spider shaft, wherein (i) the spider structure 
has a fluid spider channel having a fluid spider inlet 
and a fluid spider outlet, (ii) the fluid housing inlet 
is in fluid communication with the fluid spider inlet, 
and (iii) the fluid spider outlet is in fluid 
communication with the fluid housing outlet. 

In accordance with a second embodiment of the 
present invention, there is provided a differential 
assembly which includes a differential housing. The • 
differential housing defines an internal component 
chamber, a fluid housing inlet, and a fluid housing 
outlet. The differential assembly also includes a 
spider structure positioned within the internal 
component chamber. The spider structure has (i) a 
spider hub and. (ii) a spider shaft which extends from 
the spider hub. The differential assembly further 
includes a pinion gear positioned within the internal 
component chamber and around the spider shaft. The 
differential assembly also includes a bearing assembly 
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positioned within the internal component chamber. The 
bearing assembly is interposed between the pinion gear 
and the spider shaft, wherein (i) the spider structure 
has a fluid spider channel having a fluid spider inlet 

5 and a fluid spider outlet, (ii) the fluid housing inlet 
is in fluid communication with the fluid spider inlet, 
and (iii) the fluid spider outlet is in fluid 
conmiunication with the fluid housing outlet. The 
differential assembly also includes a fluid pump which 

10 advances a flow of oil through the fluid housing inlet, 
the fluid spider inlet, the fluid spider outlet, and 
the fluid housing outlet. 

Brief Description, of the Drawings 
^5 FIG. 1 is a partial schematic, partial cross 

sectional view of a differential assembly which 
incorporates the features of the present invention 

therein; and 

FIG. 2 is a perspective view of the spider 

20 structure of the differential assembly of FIG. 1. 

Best Mode for Carrying Out the Invention 

While the invention is susceptible to various 

modifications and alternative forms, a specific 
25 embodiment thereof has been shown by way of example in 

the drawings and will herein be described in detail. 

It should be understood, however, that there is no 

intent to limit the invention to the particular form 

disclosed, but on the contrary, the intention is to 
30 cover all modifications, equivalents, and alternatives 

falling within the spirit and scope of the invention as 

defined by the appended claims. 

Referring how to FIGS. 1 and 2, there is 

shown a differential assembly 10 which incorporates the 
35 features of the present invention therein. 
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Differential assembly 10 is designed to be used in a 
work machine (not shown) , such as a mining truck. 
Differential assembly 10 includes a differential 
housing 12, a spider structure 20, pinion gears 26, 
5 bearing assemblies 28, and a fluid pump 36. ' 

Differential assembly 10 also includes a heel bearing 
48, side gears 54, and wheel axles 56, 

Differential housing 12 defines an internal 
component chamber 14, a fluid housing inlet 16, and 

10 fluid housing outlets 18. Differential housing 12 also 
has a number of housing apertures 50 and a pair of axle 
passageways 62 defined therein. Heel bearing 48 is 
disposed around differential housing 12 adjacent to 
fluid housing outlets 18. 

15 Each side gear 54 has an axle aperture 64 

defined therein and is positioned in an opposing 
relationship within internal component chamber 14 of 
differential housing 12. In addition, each side gear 
54 is positioned within internal component chamber 14 

20 such that the axle aperture 64 defined in each side 

gear 54 is aligned with axle passageways 62. An end of 
one wheel axle 56 is positioned within the axle 
aperture 64 of each side gear 54 such that each wheel 
axle 56 is mechanically coupled to a side gear 54 (e.g. 

25 via a spline coupling) . 

Spider structure 20 has (i) a spider hub 22 
with a central aperture 4 6 defined therethrough and 
(ii) a number of spider shafts 24 which extend from 
spider hub 22. Each spider shaft 24 has an end portion 

30 52. In addition, spider structure 20 has a number of 
fluid spider channels 30 defined therein such that each 
fluid spider channel 30 extends through a spider shaft 
24 and spider hub 22. Each fluid spider channel 30 has 
a fluid spider inlet 32 and a fluid spider outlet 34. 
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Each fluid spider inlet 32 opens into central aperture 
4 6 of spider hub 22. 

Spider structure 20 is positioned within 
internal component chamber 14 such that spider 
5 structure 20 is interposed between side gears 54. 
Spider structure 20 is further positioned within 
internal component chamber 14 such that the end portion 
52 of each spider shaft 24 is received in a housing 
aperture 50. It should be understood that positioning 

10 spider structure 20 in the above described manner 

locates each fluid spider outlet 34 within a housing 
aperture 50. It should also be understood that 
positioning each fluid spider outlet 34 within a 
housing aperture 50 places each fluid spider outlet 34 

15 in fluid communication with a fluid housing outlet 18. 

Each pinion gear 26 is positioned within 
internal component chamber 14 and disposed around a 
spider shaft 24 such that each pinion gear 2 6 meshingly 
engages a side gear 54. Moreover, each bearing 

20 assembly 28 is positioned within internal component 

chamber 14 and disposed around a spider shaft 24 such 
that bearing assembly 28 is interposed between spider 
shaft 24 and pinion gear 26. 

Fluid pump 36 is in fluid communication with 

25 an oil reservoir 58 and fluid housing inlet 16 via an 
oil line 60. 

Industrial Applicability 

It should be appreciated that differential 

30 assembly 10 is incorporated into a work machine (not 

shown) . In addition, it should be appreciated that as 
the aforementioned work machine travels in a curved 
path (i.e. the work machine turns), differential 
housing 12 and spider structure 20 rotate around a 

35 central axis 40 in a direction indicated by arrow 42 
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via heel bearing 4 8 and a bearing 68. Note that 
differential housing 12 and spider structure 20 do not 
rotate relative to one another. 

It should further be appreciated that fluid 
5 pump 36 continuously advances a flow of oil from oil 
reservoir 58 into fluid housing inlet 16 via oil line 
60 during use of the work machine. The flow of oil 
advances through fluid housing inlet 16 in a direction 
indicated by arrow 38 until the flow of oil exits fluid 

10 housing inlet 16 and enters internal component chamber 
14 . Once the oil flow enters internal component 
chamber 14, the oil flow contacts and lubricates the 
components of differential assembly contained therein. 
For example, the oil flow contacts pinion gears 26, 

15 side gears 54, wheel axles 56, and bearing assemblies 

28 before the flow of oil enters fluid spider inlet 32. 

As differential housing 12 and spider 
structure 20 rotate around central axis 40 in the above 
described manner, a centrifugal force is imparted on 

20 the oil contained therein. The centrifugal force 

causes a toroid of oil to be formed within internal 
component chamber 14 of differential housing 12. 
However, it should be understood that the volume of oil 
continuously advanced into differential housing 12 by 

25 • fluid pump 36 ensures that each fluid spider inlet 32 
is submerged below the surface of the oil when the 
toroid is formed. Having each fluid spider inlet 32 
submerged below the surface of the oil also ensures 
that fluid housing inlet 16 remains in fluid 

30 communication with each fluid spider inlet 32 . In 

addition, having fluid spider inlets 32 submerged below 
the surface of the oil while spider structure 20 is 
rotated in the above described manner results in the 
centrifugal force and fluid pump 36 advancing the oil 

35 through fluid spider channels 30 in the directions 



-8- 



indicated by arrows 66 (see FIG. 1; i.e. away from 
central aperture 4 6 of spider hub 22) • As the oil is 
advanced in the directions indicated by arrows 66 the 
oil passes through each fluid spider outlet 34 and 
5 enters fluid housing outlet 18. The oil is then 

sprayed out of fluid housing outlet 18 such that the 
oil .contacts and lubricates heel bearing 48. After 
contacting and lubricating heel bearing 48 the oil is 
returned back to oil reservoir 58 . 
10 It should be appreciated that the present 

invention ensures that all of the components of 
differential assembly 10 are continuously lubricated 
regardless of the centrifugal force imparted on the oil 
contained within differential housing 12. In factor as 
15 discussed above, imparting a centrifugal force on the 
oil contained within differential housing 12 actually 
aids in the lubrication of the components of 
differential assembly 10. Thus, the present invention 
ensures that the components of differential assembly 10 
20 are always lubricated. This is in contrast to other 
differential assemblies which depend upon a splash 
lubrication'' system since these types of systems, under 
certain conditions/ allow the components contained 
within the differential housing to be run without an 
25 appropriate amount of lubrication. 

In addition, the present invention eliminates 
the need for stationary lube jets to be positioned 
adjacent to various components (e,g- heel bearing 48) 
exterior to the differential housing. Eliminating the 
30 need for stationary lube jets decreasing the cost of 
manufacturing differential assembly 10 as compared to 
other differential assemblies which utilize stationary 
lube jets. 

While the invention has been illustrated and 
35 described in detail in the drawings and foregoing 
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description, such illustration and description is to be 
considered as exemplary and not restrictive in 
character, it being understood that only the preferred 
embodiment has been shown and described and that all 
5 changes and modifications that come within the spirit 
of the invention are desired, to be protected. 
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Claims 

1. A differential assembly, comprising: 

a differential housing which defines an 
internal component chamber, said differential housing 
further defines a fluid housing inlet and a fluid 
housing outlet; 

a spider structure positioned within said 
internal component chamber, said spider structure has 
(i) a spider hub, and (ii) a spider shaft which extends 
from said, spider hub; 

a pinion gear positioned within said internal 
component chamber and around said spider shaft; and 

a bearing assembly positioned within said 
internal component chamber, said bearing assembly being 
interposed between said pinion gear and said spider 
shaft, 

wherein (i) said spider structure has a fluid 
spider channel having a fluid spider inlet and a fluid 
spider outlet, (ii) said fluid housing inlet is in 
fluid communication with said fluid spider inlet, and 
(iii) said fluid spider outlet is in fluid 
communication with said fluid housing outlet. 

2. The assembly of claim 1, further 
comprising a fluid pump which is positioned in fluid 
communication with said fluid housing inlet, wherein: 

said fluid pump advances a flow of oil 
through said fluid housing inlet, said fluid spider 
inlet, said iluid spider outlet, and said fluid housing 
outlet, whereby oil is advanced through said internal 
component chamber so as to lubricate said pinion gear 
and said bearing assembly. 
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3. The assembly of claim 2, wherein: 
said flow of oil is advanced into contact 

with said pinion gear and said bearing assembly after 
said flow of oil exits out of said fluid housing inlet 
5 and before said flow of oil enters said fluid spider 
inlet/ whereby said pinion gear and said bearing 
assembly are lubricated by said oil. 

4. The assembly of claim 1, wherein said 
10 fluid spider channel extends through both said spider 

shaft and said spider hub. 

5. The assembly of claim 1, wherein: 
said spider hub has a central aperture 

L5 defined therethrough, and 

said fluid spider inlet opens into said 
central aperture, 

6. The assembly of claim 1, further 

20 comprising a heel bearing which is positioned adjacent 
to said fluid housing outlet. 

7. The assembly of claim 1^ wherein: 

said differential housing includes a housing 

25 aperture, 

an end portion of said spider shaft is 
received within said housing aperture, and 

said fluid spider outlet is positioned within 
said housing aperture. 

30 

8. The assembly of claim 2, wherein rotation 
of said spider structure causes oil located within said 
internal component chamber to advance through said 
fluid spider channel and away from said central 

35 aperture of said spider hub. 



9. The assembly of claim 8, further 

comprising: 

a side gear which' (i) is positioned within 
said internal component chamber, and (ii) meshingly 
engages said pinion gear, and 

a wheel axle mechanically' coupled to said 

side gear. 

10. The assembly of claim 9, wherein: 
said flow of oil is further advanced into 

contact with said side gear after said flow of oil 
exits out of said fluid housing inlet and before said 
flow of oil enters said fluid spider inlet, whereby 
said side gear is lubricated by said oil. 

11. A differential assembly, comprising: 
a differential housing which defines an 

internal component chamber, said differential housing 
further defines a fluid housing inlet and a fluid 

housing outlet; 

a spider structure positioned within said 
internal component chamber, said spider structure has 
(i) a spider hub, and (ii) a spider shaft which extends 
from said spider hub; 

a pinion gear positioned within said internal 
component chamber and around said spider shaft; 

a bearing assembly positioned within said 
internal component chamber, said bearing assembly being 
interposed between said pinion gear and said spider 
shaft, 

wherein (i) said spider structure has a fluid 
spider channel having a fluid spider inlet and a fluid 
spider outlet, (ii) said fluid housing inlet is in 
fluid communication with said fluid spider inlet, and 
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(iii) said fluid spider outlet is in fluid 
communication with said fluid housing outlet, and 

wherein a fluid pump advances a flow of oil 
through said fluid housing inlet, said fluid spider 
inlet, said fluid spider outlet, and said fluid housing 
outlet . 

12. The assembly of claim 11, wherein: 
said flow of oil is advanced into contact 

with said pinion gear and said bearing assembly after 
said flow of oil exits out of said fluid housing inlet 
and before said flow of oil enters said fluid spider 
inlet, whereby said pinion gear and said bearing 
assembly are lubricated by said oil. 

13. The assembly of claim 11, wherein said 
fluid spider channel extends through both said spider 
shaft and said spider hub. 

14. The assembly of claim 11, wherein: 
said spider hub has a central aperture 

defined therethrough, and 

said fluid spider inlet opens into said 
central aperture . 

15. The assembly of claim 11, further 
comprising a heel bearing which is positioned adjacent 
to said fluid housing outlet. 

16. The assembly of claim 11, wherein: 
said differential housing includes a housing 

aperture, 

an end portion of said spider shaft is 
received within said housing aperture, and 
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said fluid spider outlet is positioned within 
said housing aperture - 

17. The assembly of claim 11, wherein 
5 rotation of said spider structure causes oil located 
within said internal component chamber to advance 
through said fluid spider channel and away from said 
central aperture of said spider hub. 

10 18. The assembly of claim 11, further 

comprising: 

a side gear which (i) is positioned within 

said internal component chamber, and (ii) meshingly 

engages said pinion gear, and 
15 a wheel axle mechanically coupled to said 

side gear. 

19. The assembly of claim 18, wherein: 
said flow of oil is further advanced into 
20 contact with said side gear after said flow of oil 

exits out of said fluid housing inlet and before said 
flow of oil enters said fluid spider inlet, whereby 
said side gear is lubricated by said oil. 
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